Abstract. Preservation of the larynx is the most critical factor influencing quality of life in the treatment of head and neck cancer. This clinical study focuses on laryngeal functionpreserving chemoradiotherapy for locally advanced hypopharyngeal and laryngeal cancer. Thirty-two resectable cases with histologically proven squamous cell carcinoma undergoing function-preserving therapy were examined. Induction chemotherapy comprised cisplatin and 5-fluorouracil, and another cycle of chemotherapy was performed for responders. Chemoradiotherapy comprised conventional irradiation and weekly chemotherapy (nedaplatin plus docetaxel). Nonresponder patients were excluded from further chemotherapy and were changed to other surgical treatment. Three patients were non-responders for induction chemotherapy, and 29 patients were treated with chemoradiotherapy. Thus, 21 out of 29 patients obtained preserved laryngeal function. Initial larynx preservation rate with these treatment strategies was 93.8%. This study provides a new concept for laryngeal function-preserving treatment that should be considered for locally advanced laryngeal and hypopharyngeal cancer.
Introduction
In the treatment of head and neck cancer, particularly for hypopharyngeal and laryngeal cancer, preservation of the larynx is the most critical factor influencing quality of life (QOL). In cases of early laryngeal cancer, this aim is relatively easy to achieve by radiation and laser treatment (1, 2) . In contrast, treatment for locally advanced cases requires some modification. Recently, results of comparative studies on combined chemotherapy and radiotherapy have reported significantly improved laryngeal preservation rates and local control rates compared with conventional radiotherapy alone. Progress in combination therapy for advanced laryngeal cancer is required to reduce the need for surgical therapy (3) .
Loss of the larynx is sometimes unavoidable in surgery. However, preservation of laryngeal function has been made increasingly possible by surgical treatment, and indications for such procedures have been expanded even to the point of salvage surgery for recurrent cases (4) (5) (6) . Herein, we report on a clinical study which focused on laryngeal functionpreserving chemoradiotherapy for locally advanced hypopharyngeal and laryngeal cancer.
Materials and methods
Subjects comprised 134 patients with hypopharyngeal or laryngeal cancer who received the first treatment in our department between January 2003 and December 2008. Of these, 47 patients were treated according to the protocol shown in Table I . Tumour was classified as unresectable in 15 patients. Criteria for unresectability included: >180˚C encasement of the carotid artery; fixation to prevertebral fascia; massive (>8 cm) fixed soft-tissue disease; and gross extension along the pharyngeal wall. Thus, in this study, 32 resectable cases with histologically proven squamous cell carcinoma of the hypopharynx and larynx undergoing function-preserving therapy were examined. All patients were provided written informed consent before enrolment in the study. All patients were required to have an Eastern Cooperative Oncology Group (ECOG) criteria performance status of less than I and bidimensionally measurable disease.
Initial evaluation included complete physical examination, blood cell count, liver biochemistry, chest radiography, and oropharyngolaryngeal fiberoptic examination. Patients were required to display normal renal function (blood urea nitrogen (BUN) <20 mg/dl; serum creatinine <1.5 mg/dl) and hepatic function (serum glutamic oxaloacetic transaminase (SGOT) <40 U/dl; serum glutamic pyruvate transaminase (SGPT) <40 U/dl; bilirubin <1.5 mg/dl). Patients >80-yearsold were excluded. Patient characteristics are shown in Patients with non-responsive tumour and defined progressive disease or with cumulative toxicity exceeding the benefits of further drug administration were excluded from further chemotherapy and were changed to other surgical treatment.
Response to the treatment was assessed as the decrease in total tumour area measured directly with callipers or through radiological features. Complete response (CR) was defined as disappearance of all measurable and assessable disease for a minimum duration of 4 weeks. Partial response (PR) was defined as a ≥50% reduction in sum of the products of perpendicular diameters of all measured lesions without an increase in size of any lesion or appearance of new lesions for ≥4 weeks. Minimal response (MR) was defined as a decrease of 25-50%. No change (NC) was defined as a <25% change in sum of the products of the perpendicular diameter of all measured lesions. Progressive disease (PD) was defined as an increase of ≥25% in the sum of products of perpendicular diameters of all measured lesions from the point of maximal response or appearance of new lesions. Patients who did not meet the criteria for PR or CR (i.e., displaying NC, MR or PD) were classified as non-responders. Table I shows the number of patients of this study. For induction chemotherapy, CR and PR were found in 8 and 19 cases, respectively. Among 3 non-responders, partial laryngectomy was indicated in 1 patient and total laryngectomy was indicated in 2 patients. The overall survival rate of evaluable 32 patients is shown in Fig. 1 . The 36 month survival rate of laryngeal cancer and hypopharyngeal cancer, and the total was 82.9, 51.6 and 67.1% respectively.
Results
The 24 responders with induction chemotherapy and 5 glottic T3 and T4 cancer patients were treated with chemoradiotherapy. Twenty patients (69.0%) received the full treatment as planned, 29 (100%) received full-dose radiotherapy and 20 (69.0%) received full-dose chemotherapy. On the other hand, 8 patients were given ≥80% of chemotherapy doses and 1 patient received 60%. The 29 patients were Table I . The treatment program of hypopharyngeal and laryngeal cancer. 
a Number of patients. CRT, concurrent chemoradiotherapy. Table III . Results of the chemoradiotherapy. 
------------------------------------------------
AOD, alive without disease; AWD, alive with disease; DWD, died with disease; DOD, died by other disease; Total, total laryngectomy.
-------------------------------------------------
evaluable for response achieved 23 CR (79.3%), 4 PR (13.8%), 1 NC (3.4%), and 1 PD (3.4%), with an overall response rate of 93.1%. For 1 CR, 1 PR and 1 PD patient, supracricoid laryngectomy with cricohyoidoepiglottopexy (SCL-CHEP) was performed but 2 out of 3 relapsed. One CR and 2 relapsed patients underwent total laryngectomy. Four patients rejected salvage surgery. Two have died and 2 are alive with disease. Initial larynx preservation rate with these treatment strategies was thus 93.8% (30/32). For chemoradiotherapy, 19 of 29 patients (65.5%) obtained preserved laryngeal function (Table III) . The laryngeal preservation rate is shown in Fig. 2 . In laryngeal cancer, the 48 month laryngeal preservation rate was 67.2%. On the other hand, in hypopharyngeal cancer the 36 month laryngeal preservation rate was 51.5%. In total the 36 month laryngeal preservation rate was 57.8%.
Adverse events are shown in Table IV cases of stomatitis. Anaphylactic symptoms appeared 30 min after nedaplatin administration in 3 cases (rash and mild seizure in 2 cases each).
Discussion
In addition to improved survival rates, preservation of the larynx is an important issue in the treatment of laryngeal and hypopharyngeal cancer. In resectable cases, options include surgery, radiotherapy, and concurrent chemoradiotherapy.
Forastiere et al performed a comparative trial for advanced laryngeal cancer and reported excellent results in which chemoradiotherapy yielded a 2-year laryngeal preservation rate of 88% and a local control rate of 78%. Moreover, additional chemotherapy reduced distant metastases (2-year distant metastasis rates: induction chemotherapy, 9%; concurrent chemoradiotherapy, 8%; and radiotherapy alone, 16%). Efficacy of concurrent chemotherapy was described in terms of laryngeal preservation and survival periods (3). On the other hand, laser treatment was also suggested for partial and subtotal laryngectomy to preserve larynx, as well as hyperfraction radiotherapy which might be effective. Salvage total laryngectomy after irradiation or partial resection was performed in 151 of 734 cases of laryngeal and hypopharyngeal cancer, and 5-and 10-year survival rates were 55 and 39%, respectively (7). Fowler et al reported that salvage surgery resulted in 65.2 and 37.7% for 5-and 10-year survival rates, respectively, including 53 cases of radiation failure, 6 cases of postoperative recurrence, and 5 cases of recurrence after surgery and irradiation (8) .
Salvage surgery was shown to be effective in recurrent cases after radiotherapy and partial resection. On the basis of these findings, we have established a treatment strategy for hypopharyngeal and laryngeal cancers. With prevention of neck and distant metastases representing a major issue, induction chemotherapy with CDDP plus 5-FU was given to cases of T2 or more advanced supraglottic cancer. Concurrent chemoradiotherapy was then performed on responders (PR with improvement ≥80% and CR), while surgery was selected for non-responders. For glottic cancer, since local control is important and neck metastasis is not frequently seen, local treatment was prioritized and concurrent chemoradiotherapy was administered to T3 or more advanced cases. For subglottic and hypopharyngeal cancers, treatment strategies were based on the same concept for supraglottic cancer. Irrespective of the status of primary site, induction chemotherapy was performed in N2 or more advanced cases with neck metastasis, and concurrent chemoradiotherapy was administered to responders while neck lymphadenectomy was performed on non-responders.
According to these strategies, concurrent chemoradiotherapy was performed in 29 cases, and the efficacy of CR was observed in 23 cases. However, local relapse was observed in 4 cases, with total resection performed in 3 cases finally. One patient was not suitable for salvage surgery and died. In PD, one patient underwent SCL-CHEP and laryngeal function was preserved. In total, laryngeal function was preserved in 19 cases.
Nedaplatin, cis-diammineglycolatoplatium (9), was developed to display reduced nephrotoxicity, which is often a dose-limiting factor of cisplatin (10, 11) and also to offer higher anti-tumour activity than carboplatin (12) . In phase II clinical studies, high efficacy against head and neck cancer has been reported (13) . The dose-limiting factor for nedaplatin is said to be haematological toxicity, as is the case with carboplatin (10, 11, 14) .
Critical adverse events at grade III/IV included 8 cases of neutropenia and 2 case of stomatitis. Anaphylactic symptoms appeared 30 min after nedaplatin administration in 3 cases (rash and mild seizure, n=2 each). Severe symptoms such as bronchial asthma did not appear, and they were only temporary. However, this agent, as well as docetaxel and platinum compounds, has the potential to cause anaphylactic symptoms and should be used with caution.
The main weakness of this study was the limited number of enrolled patients. As the majority of patients displayed T1 and T2 glottic cancer and good performance status was limited, sample size was unavoidable. This treatment option must not be adopted without first obtaining further data. Significantly, toxicity of this treatment appears tolerable for the majority of patients. In conclusion, it is certain that concurrent chemoradiotherapy is efficacious for treatment of hypopharyngeal and laryngeal cancers in terms of organ function preservation and disease control. Patients with treatment failure could be controlled by salvage surgery and they can still have a chance of organ-function preservation. Distant disease should be prevented in patients with advanced nodal disease. We thus submit that this study provides a new concept for laryngeal function-preserving treatment that should be considered for locally advanced hypopharyngeal and laryngeal cancer. Table IV . Toxicities with chemoradiotherapy (29 evaluable patients). ------------------------------------------------ 
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